The (2+1)-dimensional Hirota-Maxwell-Bloch equation (HMBE) is integrable by the Inverse Scattering Method. In this paper, we construct a Darboux transformation (DT) of the (2+1)-dimensional HMBE. Also the one-soliton solution obtained by means of the one-fold DT. For the n-soliton solution the general form is presented.
Introduction
Modern nonlinear science as a powerful subject explains all kinds of mysteries in the challenges of modern technology and science. The nonlinear nature of the real systems is considered to be fundamental to the understanding of most natural phenomena. Integrable systems are the main part of theory of modern nonlinear science. One of the interesting integrable system is the so-called (1+1)-dimensional Hirota -Maxwell-Bloch equation. It describes the nonlinear dynamics of femtosecond pulse propagation through doped fibre. In this paper, we consider one of (2+1)-dimensional integrable generalizations of the (1+1)-dimensional HMBE, namely, the (2+1)-dimensional HMBE. We present the Darboux transformation and using it, the one-soliton solution.
The paper is organized as follows. In Section 2, we give a brief review of the (1+1)-dimensional HMBE. The (2+1)-dimensional HMBE we present in Section 3. In Section 4, we construct the DT for the (2+1)-dimensional HMBE. In Section 5, using the constructed one-fold DT, the one-soliton solution of the (2+1)-dimensional HMBE is given. In Section 6, conclusions are given.
Brief review of the (1+1)-dimensional Hirota -Maxwell-Bloch equation
To establish our notation, definitions and terminoloy let us first recall some main informations on the (1+1)-dimensional Hirota -Maxwell-Bloch equation (HMBE). The (1+1)-dimensional HMBE has the form (see e.g. [1] - [3] , [4] - [8] )
where q, p are complex functions, η is a real function and ω, ǫ i are real constants. By setting δ = +1 or δ = −1, the HMBE with attractive or repulsive interaction is obtained. The functions p and η satisfy the relation
The DT and some exact solutions of this equation were presented in [1] - [3] . Note that the gauge [4] and Lakshmanan equivalent counterpart [7] of the (1+1)-dimensional HMBE (2.1)-(2.3) is the following Myrzakulov-XCIV equation (M-XCIV equation) [4] :
= AB − BA, ω is a real constant and σ i are Pauli matrices. The DT of the M-XCIV equation and its one-soliton solution were constructed in [8] .
3 The (2+1)-dimensional Hirota -Maxwell-Bloch equation
The (2+1)-dimensional Hirota -Maxwell-Bloch equation (HMBE) reads as [5] iq t + ǫ 1 q xy + iǫ 2 q xxy − vq + i(wq) x − 2ip = 0, (3.1)
3)
where q, p are complex functions, v, w, η are real functions. This set of equations (3.1)-(3.5) is integrable by IST. The corresponding Lax representation reads as
where
Here
10)
11)
12)
and r = δq * , k = δp * , where δ = ±1. The spectral parameter λ evolves as
In this paper we restrict ourselves to the case δ = +1 that is to the focusing (attractive interaction) case. We note that if y = x the system (3.1)-(3.5) reduces to the (1+1)-dimensional HMBE (2.1)-(2.3). This fact is explains why we called the system (3.1)-(3.5) as the (2+1)-dimensional HMBE. At last, we present the Myrzakulov-Lakshmanan-IV equation (ML-IV equation) [5] 
As it was shown in [5] , the ML-IV equation is the equivalent counterpart of the (2+1)-dimensional HMBE. In 1+1 dimensions, the ML-IV equation reduces to the M-XCIV equation (2.5)-(2.6).
DT for the (2+1)-dimensional HMBE
In this section we construct the DT for the (2+1)-dimensional HMBE (3.14)-(3.17). In particular, we give in detail the one-fold DT and briefly the n-fold DT.
One-fold DT
Let Ψ and Ψ ′ are two solutions of the system (3.6)-(3.7) so that
We assume that these two solutions are related by the following transformation:
The matrix function T obeys the following equations
From the equation (4.4) we get
Eq.(4.7) gives 
14)
Hence we get the DT 
The equation (4.19) gives
We now assume that
and det H = 0, where λ 1 and λ 2 are complex constants. The matrix H obeys the system In order to satisfy the constraints of S and B ′ −1 as mentioned above, we first notes that
35)
So the matrix M has the form
Finally we can write the one-fold DT for the (2+1)-dimensional HMBE as: = w − 4iǫ 2 m 11y = w + 4iǫ 2 m 22y , (4.41)
At last, we note that the expressions of m ij can be rewritten in the determinant form as
n-fold DT
In the previous subsection we have constructed the one-fold DT. Similarly we can construct the n-fold DT. To construct the n-fold DT of the (2+1)-dimensional HMBE, we note that the function T satisfies the following equations
46)
The solution of this system can be written as [1] T n (λ; λ 1 , λ 2 , λ 3 , λ 4 , . . . , λ 2n ) = λ n I + t 
(4.49)
(4.50)
(4.51) 
(4.52)
.
(4.53)
The corresponding n-fold DT is given by
(4.56)
Soliton solutions
Having the explicit form of the DT, we are ready to construct exact solutions of the (2+1)-dimensional HMBE. As an example, let us present the one-soliton solution. To get the one-soliton solution we take the seed solution as
Then the corresponding associated linear system takes the form
This system admits the following exact solutions
8)
Here µ 1 = η + iν, λ 1 = α + iβ, δ i are real constants,
(5.10)
and θ 2 = −θ 1 , χ 2 = −χ 1 +δ 0 . Then the one-soliton solution of the (2+1)-dimensional HMBE (3.1)-(3.5) takes the form = −4iǫ 2 m 11y , (5.14)
where = −2im 
Conclusion
The DT is very useful to derive all kinds of solutions of integrable equations. Here the DT for the (2+1)-dimensional HMBE is constructed. In particular, the one-fold DT is presented in detail. The general formulas for the n-fold DT is also given. Using the derived one-fold DT, the one-soliton solution of the (2+1)-dimensional HMBE is found. We note that using the above presented DT, one can also construct the n-solitons, breathers, rogue waves and other type exact solutions of the (2+1)-dimensional HMBE.
Finally we note that these results can be extend to the other nonlinear equations including integrable spin systems [9] - [33] .
